This study describes the utilization of acoustic cues in communication of emotions in music performance. Three professional guitarists were asked to perform 3 short melodies to communicate anger, sadness, happiness, and fear to listeners. The resulting performances were analyzed with respect to 5 acoustic cues and judged by 30 listeners on adjective scales. Multiple regression analysis was applied to the relationships between (a) the performer's intention and the cues and (b) the listeners' judgments and the cues. The analyses of performers and listeners were related using C. J. Hm'~h, K. R. Hammond, and J. L. Hursch's (1964) lens model equation. The results indicated that (a) performers were successful at communicating emotions to listeners, (b) performers' cue utilization was well matched to listeners' cue utilization, and (c) cue utilization was more consistent across different melodies than across different performers. Because of the redundancy of the cues, 2 performers could communicate equally well despite differences in cue utilization.
Studies of Music Performance
Studies of music performance have a long history (Gabrielsson, 1999) . One of the main findings from this research is that the actual performance of a piece of music practically never corresponds to the nominal values of the notation. In all performances, there are deviations or systematic variations from what seems This resea~h was supported by the Bank of Sweden Tercentenary Foundation. I am grateful to Carol Fowler, Alf Gabrielsson, Andreas Lehmarm, Bruno Repp, and John Sloboda for many useful comments on a preliminary version of this article.
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prescribed by the notation. This phenomenon is referred to as performance expression and concerns "the small and large variations in timing, dynamics, timbre, and pitch that form the microstructure of a performance and differentiate it from another performance of the same music" (Palmer, 1997, p. 118) . There are considerable differences among different performers' renditions of the same piece of music, and it has been shown that interpretative aspects of performance influence listeners' perception of the musical structure (e.g., Bengtsson & Gabrielsson, 1983; Clarke, 1989; Palmer, 1989; Sloboda, 1983) . Such expressive variations are not random. For instance, performers are able to replicate their own timing microstrncture for a given piece of music with great precision (e.g., Gabrielsson, 1987; C. E. Seashore, 1938; Shaffer & Todd, 1987) .
One important goal of studies of music performance has therefore been to explain the functions of these expressive variations. One function may be to clarify the structural content of the music to the listener (Clarke, 1988; Drake & Palmer, 1993; Palmer, 1989; Todd, 1989) . Timing, in particular, has a strong tendency to be determined by the phrase structure. Phrase endings, for example, are often marked with decreases in tempo. Thus, expressive variations can function as syntactic markers, much in the same way as modifications of syllable durations and micropauses do in speech (Carlson, Friberg, Fryd6n, GranstrOm, & Sundberg, 1989) .
However, the functions of expressive variations are probably manifold (Clarke, 1995) . A number of authors have therefore suggested that expressive variations also may contribute to the emotional impact of a music performance (e.g., Gabrielsson, 1995; Juslin, 1997b; Shaffer, 1992) . One of the great pioneers of music psychology, Carl Seashore, noted that "deviation from the exact.., is the medium for the creation of the beautiful--for the conveying of emotion" (quoted in H. G. Seashore, 1937, p. 155) . However, Seashore did not propose any theory to explain why such deviations should give rise to emotional reactions. Perhaps JUSLIN for this reason, his statement did not stimulate further research on emotional expression in performance.
This might explain a paradox in the literature. Studies of emotional expression in music have almost exclusively been concerned with the impact of particular pieces of music, whereas they have ignored the impact of specific performances. Performance studies, on the other hand, have almost exclusively been concerned with structural aspects of performance, whereas they have ignored emotional aspects (for a review, see Gabrielsson & Justin, in press) . As a result, researchers know a lot about how different aspects of a musical composition might influence listeners' emotional responses to music (Bruner, 1990; Gabriel, 1978; Gundiach, 1935; Hevner, 1935 Hevner, , 1936 Maher, 1980; Nielz~n & Cesarec, 1981; Rigg, 1964; Scherer & Oshinsky, 1977; Schoen & Gatewood, 1927; Thompson & Robitaille, 1992; Wedin, 1972) but know less about how different performances might influence listeners' responses. Clearly, the same notated structure can be performed in many different ways, and the precise way it is performed may influence the listener's impression of the music in profound ways. Therefore, it is important to study how the performance contributes to the emotional impact of music.
A series of recent studies has suggested that music performers are able to communicate specific emotions (e.g., sadness, anger, happiness, fear) to listeners (Behrens & Green, 1993; Gabrielsson, 1995; Gabrielsson & Juslin, 1996; Juslin, 1997b Juslin, , 1997c Juslin & Laukka, in press; Juslin & Madison, 1999) . The reliability of the communicative process has been explored in listening experiments using a variety of response formats, such as quantitative ratings, forced choice, or free labeling (e.g., Juslin, 1997a) . Moreover, by means of analysis and synthesis of music performances, researchers have demonstrated that performers use a number of variables in the performance (e.g., tempo, sound level, articulation) to express specific emotions (e.g., Justin, 1997b Justin, , 1997c . Even children (4-12 years old) seem to be able to use some of these variables to express emotions in song (Adachi & Trehub, 1998) .
The present study focuses on two aspects of this communicative process. First, previous studies have indicated that there are large individual differences among performers regarding the code (i.e., the acoustic means) used to express and recognize emotions. This finding seems to present something of a puzzle. How can the communicative process be successful if there are such large individual differences in cue utilization? This study suggests a possible explanation of these contradictory findings.
Second, both expression and recognition of emotion have been studied in previous studies, but no systematic attempt has been made to relate the two aspects. However, it may be argued that to understand the meaning of performance data, they must be considered in relation to the performer's intention and the listener's experience--particularly if researchers are to take seriously that music is a form of communication. Accordingly, an important goal of performance studies is to develop a means of relating music performance to perception (Palmer, 1997; Repp, 1998; Todd, 1989) . In the present context, I want to relate expression of emotion to recognition of emotion to acquire a deeper understanding of the communicative process. In the following, I describe a theoretical framework that may contribute to this goal.
A Theoretical Framework: The Lens Model
As shown by Justin (1995 Justin ( , 1997b Justin ( , 1998 , the communicative process may be described in terms of a modified version of Egon Brunswik's (1956) lens model (see Figure 1) . This model is meant to illustrate how performers encode (i.e., express) emotions by means of a number of probabilistic (i.e., uncertain) but partly redundant cues (i.e., sources of information). The emotions are decoded (i.e., recognized) by listeners who use these same cues to judge the emotional expression. The cues are probabitistic in the sense that they are not perfectly reliable indicators of the intended emotional expression. Therefore, listeners have to combine the cues in flexible ways to arrive at reliable judgments of the expression.
Intereorrelafions among cues partly reflect how sounds are produced on instruments. For instance, hitting a string harder on the electric guitar generates a tone with an increased sound level, but it also generates more high-frequency energy in the spectrum of the tone. However, intercorrelatiuns also reflect how performers use the cues to accomplish different expressions. The redundancy of the cues makes the communicative process relatively robust. On the other hand, the redundancy limits the information capacity of the communicative process because the same information is conveyed by many of the cues (Shannon & Weaver, 1949) .
In the lens model, the relationship between the performer's expressive intention and a cue in the performance (e.g., tempo) describes the ecological validity of that cue (see Figure 1 ). Ecological validity is a measure of the validity of that cue in predicting the performer's intention. The functional validity of the same cue is indexed by the relationship between the cue and the listener's judgment. Functional validity is a measure of the validity of the cue in predicting the listener's judgment. Achievement refers to the accuracy of the communication, as measured by the relationship between the performer's intention and the listener's judgment.
Finally, matching refers to the extent to which ecological and functional validities are matched to each other, that is, whether performer and listener use the same code (the measurement of each of these quantities is described below).
This version of the lens model differs from Brunswik's original in two ways. First, the original model describes the relationship between an organism and its ecology. In the present version, however, the model describes the relationship between two organisms-the performer and the listener. Second, in the original model Brunswik used the concepts of ecological validity and cue utilization to denote the cue relationships on the two sides of the lens (the central rectangle in Figure 1 ), whereas I have chosen the terms ecological validity and functional validity to denote the cue validities on the two sides of the lens (Juslin, 1997b) .
lit should be noted that there are two different uses of the term expression in the literature on music performance. The use of the term to refer to systematic variations in the microstmcture of a performance should be distinguished from the use of the term to refer to the emotional contents that performers express and listeners perceive in performances. The remainder of this article uses the term in the latter sense. However, the two senses of the term are related because performers may use systematic variations in the microstrucmre of the performance to express specific emotions. The lens model has a number of important implications. First, because the cues are only probabilistically related to the performer's expressive intention, the achievement cannot be more than probabilistic. Second, in order to understand why the communication is successful or not in a particular situation, researchers must describe both performers and listeners in terms of the same concepts. Third, because the cues are intercorrelated, many different cue utilization strategies may lead to a similarly high level of achievement--there is no pressure toward uniformity in cue utilization (e.g., Dawes & Corrigan, 1974 ). This situation makes it possible for performers to communicate successfully with listeners without compromising their unique styles of playing. Brunswik's (1956) notion of vicarious functioning may be used to describe how listeners use many partially interchangeable cues in flexible ways, sometimes shifting from one cue that is unavailable to another that is available (Juslin, in press-a) .
Achievement
One problem in studying cue utilization in musical communication is that the strategies used by performers and listeners are mainly implicit in nature (e.g., Juslin & Laukka, in press; Kendall & Carterette, 1990; Sloboda, 1994) . Thus, researchers need to somehow externalize their strategies. One promising approach to this problem is to use multiple regression analysis (MRA) to describe the relationships among (a) the performer's expressive intention and the cues (i.e., ecological validities) and (b) the listener's judgment and the cues (i.e., functional validities). MRA is a method flexible enough to handle the complexity (e.g., multiple cues, uncertainty, cue intercorrelations) of the communicative process. Furthermore, MRA permits researchers to describe both performers and listeners in terms of the same concepts, so their cue utilization can be directly compared.
Lens Model Equation
As demonstrated by Juslin (1998) , regression models of performers and listeners can be mathematically related to each other by means of the lens model equation CLME). The LME was originally presented in an influential article by Hursch, Hammond, and Hursch (1964) in the context of studies of human judgment. In such studies, the goal was to relate the judge's cognitive system to a statistical description of the judgment task (for a review, see Brehmer, 1994) . However, the LME can also be used to describe emotional communication in music.
As noted above, achievement refers to the accuracy of the communicative process. In the present study, achievement is indexed by the point-biserial correlation between the performer's expressive intention and the listener's judgment. The performer's expressive intention is coded dichotomously for each emotion, such that all performances intended to express a given emotion are coded 1, whereas all remaining performances are coded 0. The listener's judgment is coded continuously on the basis of the listener's ratings of the performances on the corresponding emotion scale. High achievement for a certain emotion, say anger, means that there is a high correlation between a performer's intention to communicate anger and a high rating of anger by the listener.
The LME (Equation 1) embodies the fact that achievement (re) is a function of two additive components. The first component is usually called the linear component because it represents that component of the achievement that can be attributed to the linear regression models of the performer and the listener. The linear component shows that achievement is a function of performer consistency (Re), listener consistency (Rs), and matching (G). Performer consistency refers to the multiple correlation of the performer model (i.e., performer's intention and cues), whereas listener consistency refers to the multiple correlation of the listener model (i.e., listener's judgment and cues). Both indices reflect the extent to which the regression models fit the cue utilization and are usually interpreted as measures of consistency of cue utilization. If R = 1.0, then cue utilization is perfectly consistent (Cooksey, JUSLIN 1996) . Matching is a measure of the extent to which the beta weights of performers and listeners are matched to each other, that is, whether performers and listeners use the same code. This index is obtained by correlating the predicted values of the performer's regression model with the predicted values of the listener's regression model. The resulting correlation is interpreted as the extent to which the performer's beta weights and the listener's beta weights would agree if both regression models were perfect (i.e., R e = Rs = 1.0). G is thus independent of R e and R s because it is corrected for inconsistency (Stewart, 1988) .
If the emotional communication under study is unsuccessful, researchers may ask whether this is because (a) the performers use a different code than the listeners (indicated by a low G value), (b) the performers apply their code inconsistently (indicated by a low R e value), or (c) the listeners apply their code inconsistently (indicated by a low R s value). These three factors set the upper limit of achievement (Hursch et al., 1964) . By analyzing each of them separately, it becomes possible to see how the communicative process could be improved.
The second component of the LME is usually called the unmodeled component of the communicative process. It includes both unsystematic and systematic variance not accounted for by the linear component. This includes effects of inconsistent cue utilization, order effects, distractions, memory intrusions, omission of relevant cues, or configural cue utilization (i.e., the use of particular patterns of cue values). (1 -R 2) and (1 -R 2) refer to the residual variance of the regression models of the performers and listeners, respectively. C, or unmodeled matching, represents the correlation between the residuals of the performer's model and the residuals of the listener's model. If C is high, it indicates (a) a common reliance on cues not included in the regression models, (b) chance agreement between random model errors, (c) cue interactions common to both models, or (d) nonlinear cue function forms common to both models (Cooksey, 1996) .
Rationale of This Study
For practical reasons, most performance studies include only a small number of melodies and performers. Studies of performance tend to generate a wealth of data, particularly if many dependent variables are measured at the same time (Palmer, 1997) . Thus, previous studies of emotional communication in music performance have frequently relied on the data from only one performer and melody (e.g., Sundberg, Iwarsson, & Hageg/trd, 1995) . One problem with such studies can be that it is difficult to know whether the obtained results for a performance can be generalized to other performers or melodies.
A thorough understanding of the communicative process requires that a larger body of data is analyzed so that general principles can be established or the lack thereof be explained. In this study, I analyzed 72 music performances on the electric guitar. A small portion Of these data--the mean values for tempo, sound level, and articulation of 12 performances of one melody ("When the Saints")--was first presented in Justin (1997b) . However, these data were reanalyzed in this study, along with a set of new data.
In the present study, performers were asked to play short pieces of music to communicate the following four emotions to an imagined listener: anger, sadness, happiness, and fear. These emotions were selected because they are among the most commonly proposed basic emotions in the literature (e.g., Ekman, 1992; Oatley, 1992; Plutchik, 1994) . I analyzed the resulting performances with regard to their acoustic characteristics. I also used the performances in a listening experiment in which participants were asked to judge the emotional expression of each performance. MRA was applied to the relationships between (a) the performer's intention and the cues (to obtain the ecological validities) and (b) the listener's judgment and the cues (to obtain the functional validities). The performer and listener analyses were then related to each other using the LME. To my knowledge, this study is the first attempt to mathematically relate expression and recognition of emotion in music performance.
The success of a lens model analysis, in terms of generalizability and representativeness, depends to a large extent on whether the most appropriate set of cues has been incorporated. The most objective method is to base the selection of cues on a prior analysis of the ecology, that is, the natural environment (e.g., Cooksey, 1996) . I analyzed five cues in this study: tempo, sound level, frequency spectrum, articulation, and articulation variability. I selected these cues on the basis of past results showing that they vary consistently as a function of the performer's expressive intention and are used by listeners to judge emotional expressions (Gabrielsson & Juslin, 1996; Justin, 1993 Justin, , 1997b Justin, , 1997c .
I hypothesized that (a) performers would be successful in communicating specific emotions to their listeners, (b) the achievement of the communicative process would depend primarily on the extent to which performers' cue utilization matched the cue utilization of listeners, and (c) different performers would be able to reach a similar level of achievement, despite slight differences in their cue utilization. In addition, I thought it would be useful to study how achievement and cue utilization are affected by the particular melody performed.
On the basis of previous studies of electric-guitar playing (Gabrielsson & Juslin, 1996; Justin, 1993 Justin, , 1997c , I predicted that both performers and listeners would associate (a) anger with fast tempo, high sound level, legato articulation, little articulation variability, and much high-frequency (HF) energy in the spectrum; (b) sadness with slow tempo, low sound level, legato articulation, little articulation variability, and tittle I-IF energy in the spectrum; (c) happiness with fast tempo, high sound level, staccato articulation, much articulation variability, and some HF energy in the spectrum; and (d) fear with slow tempo, low sound level, staccato articulation, much articulation variability, and little I-IF energy in the spectrum. The results of the experiments are presented in terms of correlations, regression models, and LME statistics.
Method

Encoding Experiment
Performers. Three professional guitar players (all men), aged 25--45 years, participated. They mainly performed rock, blues, jazz, and folk music, and their experience of playing the guitar ranged from 10 to 30 years. They were paid for their anonymous participation and used their own guitars for the recording to ensure that they were familiar with the instrument.
Apparatus and recording conditions. The recording took place in a laboratory room (about 6 x 3 m) made to resemble a living room with tables, sofas, and a large carpet on the floor. The performances were recorded by means of a microphone placed close to the speaker of a guitar amplifier (Peavey Classic 50). The amplifier was placed about 2.5 meters from the performer, who was able to monitor the sound directly from the amplifier.
The guitar sound was devoid of any external effects. However, because electric guitarists rarely play with a completely "dry" sound, I used a small amount of reverberation to add a realistic ambience to the guitar sound. Settings on the equipment were the same for all performers. The recordings were made on a Revox B88 tape recorder (19 cm/s speed) and on a Yamaha MT 120 cassette recorder.
Design and procedure. It was decided that the performers should have a chance to prepare for their task a few days before the actual recording procedure. About 5 days before the recording, the players received written instructions and scores for the three melodies that they were to perform. The melodies were "When the Saints," "Nobody Knows," and "Greensleeves." The melodies were chosen to represent varying kinds of inherent emotional character. The notations of the three melodies am shown in Figure 2 .
When each performer arrived, he first had a chance to warm up on his instrument and to familiarize himself with the sound of the amplifier. Then, the performer received the following instructions (translated from Swedish):
You are now going to perform each of the three melodies so that they sound as follows: happy, sad, angry, and fearful. You are not allowed to change any of the pitches of the melody or the guitar sound, other than the timbre differences due to different manners of playing. You are free to vary all other aspects of the performance as you like:
tempo, sound level, articulation, timbre, etc. The important thing is that you accomplish the prescribed emotional expression. Imagine, for example, that you are going to demonstrate for some listeners how to play to communicate the emotions mentioned above. You will play each version two times, as similarly as possible, with a few seconds break in between. You are allowed to repeat the recording until you am satisfied with each version.
After the recording of each expressive version was completed for the first melody, the same procedure was repeated for the other melodies. All performers played the melodies in the same order. The recording session lasted about 2 hr. Three performers, three melodies, four emotions, and two replications yielded a total of 72 performances.
Performance measurements. The recorded material was stored on tapes. The audio recordings were then transferred to a computer memory by means of 22-kHz sampling frequency and were analyzed by means of the Soundswell software (e.g., Ternstr6m, 1992) . This software permits visual displays of each performance in as much detail as needed to identify both tone onsets and offsets, and the ampfitude envelope for each tone. An onset was set where the waveform of a new tone appeared and the offset at the point where this regular waveform disappeared. Five cues were measured as follows:
The mean tempo of each performance was obtained by dividing the total duration of the performance, until the onset of its final note, by the number of beats, and then calculating the number of beats (quarter notes in "When Figure 2 . The notations of the melodies "When the Saints" (top), "Nobody Knows" (middle), and "Greensleeves" (bottom) as presented to the participating guitarists.
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the Saints" and "Nobody Knows," dotted quarter notes in "Greensleeves") per minute (bpm; cf. Bengtsson & Gabrielsson, 1980) .
The mean sound level of each performance was obtained by measuring the loudness equivalent level of the amplitude across the entire performance (TemstrOm, 1992) .
The frequency spectrum of each performance was obtained by measuring the long-term average spectrum. The dependencies between the energy values that constitute the frequency spectrum and the experience of timbre are not well understood. However, one index cited as a correlate of perceived timbre is high-frequency energy (Grey, 1977) . This refers to the relative proportion of energy found above a certain cutoff frequency. In this study, the cutoff frequency was heuristically set to 3000 Hz. The amount of energy in the higher regions of the frequency spectrum is one of the main correlates of perceived timbre. Increases of I-IF energy in the spectrum of a tone yield a sharper timbre, whereas decreases yield a softer timbre (e.g., von Bismarck, 1974; Gabrielsson & SjSgren, 1979) .
The mean articulation of each performance was obtained by measuring two durations for each tone: The duration from the onset of a tone until the onset of the next tone (dii), and the duration from the onset of a tone until its offset (dio) if the offset preceded the next tone onset. These durations were used to calculate the dio:d~i ratio, that is, the articulation of the tone (Bengtsson & Gabrielsson, 1983; Gabrielsson, 1999 The articulation variability was obtained by calculating the standard deviation of all articulation values across the entire performance. Note that because the performers were given full freedom in their interpretation of the melodic structure, their use of nonlegato articulation was not restricted to notes preceding rests (see Figure 2 ).
Correlations and regression models. To measure the relationships between performers' expressive intentions and cues, I calculated the pointbiserial correlations (rpb) between the performer's expressive intention and each of the five cues. The performer's intention was coded dichotomously for each emotion analyzed so that all performances made with this particular intention were coded 1, whereas all other performances were coded 0. All cues were coded continuously using the raw data from the acoustic analyses. Thus, for example, the point-biserial correlation between anger intention and mean tempo indexes the extent to which the tempo tends to increase or decrease when the performer intends to express anger (1) as opposed to other emotions (0). The performance data were subjected to one regression analysis for each emotion. All regression analyses were carried out by means of a simultaneous (as opposed to a stepwise) regression approach (Cohen & Cohen, 1983) . The performer's expressive intention was the dependent variable, and the cues were the independent variables. The analyses were designed to reveal how well the intended expression could be predicted from a linear combination of the cues. The performer intention was coded dichotomously, and cues were coded continuously using the raw data from the acoustic analyses.
Decoding Experiment
Listeners. Thirty university students, aged 21-52 years (M = 26), participated on a voluntary basis. The majority (24) of the listeners were musically trained, having played an instrument for at least two years (M = 7.2 years, range = 2-20 years). The musically trained listeners included 11 pianists, 6 guitarists, 4 singers, 2 flute players, and 1 violinist.
The participants were evenly distributed with regard to gender and were paid for their anonymous participation.
Design and procedure. The participants were instructed to rate the emotional expression of each version of each melody on four adjective scales: happy, sad, angry, and fearful. The ratings were collected by means of a specially designed computer program for quantitative judgments of auditory stimuli. The instructions were given as follows (translated from Swedish):
You will now hear many different versions of three well-known melodies. Your task is to judge the emotional expression of each version of these melodies by indicating a value (using the mouse) on each of the four adjective scales that you see in front of you. The more of a certain emotion you think that a particular version is expressing, the higher value you shouM indicate on the corresponding adjective scale. Ten represents maximum of this emotion and zero represents minimum. Note that you do not have to hurry. The important thing is that you are satisfied with your ratings of each version before you move on to the next. When you have completed the ratings of a certain version, you simply click on the next-button: This will start the next version. It may happen that you find it difficult to complete the ratings of a particular version after its playback has come to an end. You can then repeat this version by cricking on the repeat-button. To familiarize yourself with the procedure, you will first be given a pre-test with five examples. The procedure is the same throughout the experiment. Do you have any questions?
Each listener rated all 72 performances. The pretest featured five examples from these performances that were randomly drawn for each participant. The participants listened to the stimuli over a loudspeaker (Audio Pro A 4-14). The sound level was adjusted such that it would correspond to the level at the recording session. The order of the stimuli was randomized for each participant. The order in which the adjective lists appeared on the computer screen was randomized for each participant but remained the same throughout the experimental session. The experimental session lasted about 1 hr.
Correlations and regression models. To measure the relationships between cues and listeners' judgments, I calculated the Pearson correlations (r) between each of the five cues and the listener's judgment. The listener's judgment was coded continuously for each emotion using the ratings on the adjective scale. The cues were coded continuously using the raw data from the acoustic analyses. Thus, for example, the correlation between mean tempo and anger judgment indexes the extent to which the rating of anger tends to increase or decrease when the tempo increases.
The listeners' judgments were subjected to one regression analysis for each emotion. The mean rating on the respective adjective scale was the dependent variable, and the cues were the independent variables. That is, the analyses were designed to reveal how well listeners' judgments on each adjective scale could be predicted from a linear combination of the cues.
LME Statistics
Achievement (ra) was measured for each emotion by the point-biserial correlation (rob) between the performer's expressive intention (dichotomously coded) and the listener's rating on the adjective scale (continuously 2 This measure may be contrasted with a measure of articulation in terms of overlap, that is, the overlapping time of two adjacent notes' amplitude envelopes calculated as the offset of note event N minus the onset of note event N + 1 (Palmer, 1989) . Both measures yield high values for legato articulation and low values for staccato articulation. Because correlational statistics are used to present the articulation data in the present study, differences between the two measures are not critical to an understanding of the results. coded). Matching (G) was measured by the correlation (r) between the predicted values of the perfonne~' regression model and the predicted values of the listeners' regression model. Unmodeled matching (C) was measured by the correlation (r) between the residuals of the performers' regression model and the residuals of the listeners' regression model (all of these indices can be interpreted as regular correlations).
Performer consistency (R,) was measured by the multiple correlation of the performers' regression model, and listener consistency (R,) was measured by the multiple correlation of the listeners' regression model. Standard procedures for statistical tests of Pearson correlations (r), pointbiserial correlations (rpb), and multiple correlations (R) are found in Howell (1992) .
Results
Table 1 presents the point-biserial correlations (rpb) between the performer's expressive intention and the cues, and the correlations (r) between the listeners' judgment and the cues, across all of the performances analyzed in this study. These correlations are noteworthy for a number of reasons. First, the results replicate previous studies, both with regard to performers (Gabrielsson & Justin, 1996; Justin, 1993) and listeners (Justin, 1997c) : Anger was associated with fast tempo, high sound level, a lot of HF energy in the spectrum, legato articulation, and small articulation variability; sadness was associated with slow tempo, low sound level, tittle I-IF energy in the spectnml, legato articulation, and small articulation variability; happiness was associated with fast tempo, high sound level, intermediate amount of HF energy in the spectrum, staccato articulation, and much articulation variability; fear was associated with slow tempo, very low sound level, tittle I-IF energy in the spectrum, staccato articulation, and large articulation variability. Second, 70% of the correlations were statistically significant. Third, many of the correlations were large. Cohen (1988) provided guidelines for interpretation in terms of small (r -> .10), medium (r -> .30), and large (r >--.50) effects. If this scheme is used, about two thirds of the correlations in Table 1 were medium or large. Fourth, performers and listeners showed highly similar overall effects, as indicated by a large (r = .86) and statistically significant (p < .001) correlation between their respective effects in Table 1 . Finally, the mean variance accounted for (Mr2), across all emotions, was largest for sound level, followed by articulation, tempo, spectrum HF, and articulation variability.
The correlations suggest that the performer's expressive intention had considerable effects on the cues in the performances and that the cues in the performances had considerable effects on the listener's judgments of the emotional expression. However, ordinary correlations cannot tell us what cue is the best predictor of the intended or perceived expression because they do not take cue intercorrelations into account (e.g., Cooksey, 1996) . As shown in Table 2 , there were intercorrelations (r0) among the cues, ranging from -.72 to .52. The largest correlations were obtained for tempo/sound level, spectrum HF/sound level, sound level/articulation, sound level/articulation SD, and articulation/articulation SD. The large negative correlation between articulation and articulation SD is an artifact because of a ceiling effect when legato increases.
Some of the intercorrelations are due to the fact that the acoustic cues are coupled. For example, a more forceful striking of the string on the guitar increases the sound level of the tone as well as the extent of HF energy in the spectrum. Other intercorrelations among cues (e.g., tempo/sound level) simply reflect how performers used the cues to express specific emotions. For example, performers used fast tempo and high sound level in anger expressions but slow tempo and low sound level in sadness expressions. Note. Mr 2 refers to the mean variance accounted for by each cue across emotions; P/L = performers and listeners. *p < .05. **p < .01. ***p < .001. df= 70.
Still, the moderate size of the intercorrelations suggests that the cues covered reasonably different aspects of the acoustic signal.
Regression Models and LME Statistics
MRA was used to model the relationships between (a) the performer's intention and the cues and (b) the listener's judgment and the cues. Seven regression models are presented in this section. First, I present a model including all performers and melodies. Then, I present models for each of the 3 performers. Finally, I present models for each of the three melodies. By varying the selection of performances included in the regression analyses, I was able to study the effects of individual performers or melodies on the communicative process.
Both performer and listener analyses describe relationships between cues and a criterion (i.e., whether a particular emotion was intended/perceived or not), which means that the two kinds of analyses can be interpreted in a similar fashion. Statistical tests are only reported for the LME statistics, however. The regression analyses of the performers involve violations of distribution assumptions associated with statistical tests because of the dichotomous nature of the criterion variable (i.e., the performer's intention). 3 However, both beta weights and multiple correlations are legitimate measures independent of any distribution assumptions. Thus, they are used here for descriptive purposes (Howell, 1992) .
Analysis of aU performers and melodies. The first model to be considered included all performers, melodies, and listeners. Table  3 presents the results from the regression analyses of the performer and listener systems in terms of the LME statistics, the multiple correlations, and the standardized beta weights for each of the cues in the performances. Beginning with the LME statistics, it is clear that the performers were successful in communicating the emotions to listeners. Achievement ranged from .74 to .95 depending on the particular emotion (M = .84). This result means that approximately 70% of the variance in listeners' judgments was accounted for by the performer's expressive intention.
Inspection of Table 3 reveals that what determined the communication accuracy was primarily the extent to which performers' cue utilization matched listeners' cue utilization. As can be seen, achievement indices followed the same ranking order as matching indices: They were highest for anger, followed by fear, happiness, and sadness. Moreover, achievement was significantly higher (p < .001) for anger than for sadness, happiness, and fear, whereas there were no significant differences in achievement among the latter three. Similarly, matching was significantly higher (p < .001) for anger than for sadness, happiness, and fear, whereas there were no significant differences among the latter three. Unmodeled Note. LME = lens model equation; freq. = frequency. *p < .05 (df = 70).
matching was significantly higher (p < .01) for anger and happiness than for sadness and fear expressions, suggesting that unmodeled cues contributed to the communication of anger and happiness. Consistency indices were generally high for both performers and listeners, which shows that the regression models fitted the cue utilization well, even though the models included many different performers and melodies. However, performers' cue utilization was significantly (p < .001) less consistent for happiness than for the other emotions, suggesting that there were larger individual differences among the performers with regard to happiness than with regard to the other emotions. None of the remaining differences in consistency was significant. Table 3 also presents the beta weights of the first model. As seen, the directions of the beta weights were mostly similar to the 3 When analyzing a dichotomous criterion on the basis of continuous predictors, at least three different methods are available: logistic MRA, linear discriminant analysis, and ordinary least squares MRA. Only the last of these methods provides sufficient information to permit full estimation of LME parameters (Cooksey, 1996) . Although logistic regression analysis may be preferable to ordinary regression analysis in some respects (e.g., it is more sensitive to the categorical nature of the criterion), ordinary regression analysis is acceptable when a researcher is chiefly interested in the lens model correlations and cue weights and is not interested in investigating the precise predicted values arising from the regression models (Cooksey, 1996) . correlations presented in Table 1 . However, what is readily apparent from the beta weights, as compared with the correlations, is that the beta weights were much smaller in several instances. This result is a consequence of the intercorrelations among cues. When intercorrelations among cues are taken into account (i.e., through the partial regression coefficients of the regression analyses), fewer cues turn out to be really useful as predictors of the intended expression. For instance, Table 3 shows that sound level and spectrum remained useful predictors of anger intentions in the regression analyses, whereas articulation turned out to be less useful as a predictor of anger intentions than Table 1 would suggest. Figure 3 shows the relative weights of performers and listeners. The relative weight is an index of the relative importance of each cue in the communicative process. This index is based on the squared semipartial correlations (s~) of the multiple regression models. For each cue, the unique effects of all other cues are partialled out from the unique effect of the first cue on the dependent variable of the regression analysis. These correlations are used to produce a set of relative weights that effectively partitions 100% of the uniquely predictable variance in the cue utilization (the variance that is not shared among the cues); adding up the relative weights will yield a sum of 100. The relative weight of a cue thus defined describes the proportion of the total amount of uniquely explained variance in the cue utilization attributable to this cue (Cooksey, 1996) . Figure 3 illustrates both the commonalities and the differences among performers and listeners with regard to the major cues used across all three melodies. As can be seen, the graphs for anger are similar, suggesting that both performers and listeners relied most heavily on sound level and spectrum. In contrast, the graphs for sadness suggest that the performers relied most strongly on articulation and sound level, whereas the listeners relied most strongly on tempo and sound level. As regards happiness, the listeners relied more strongly on tempo than the performers, whereas the performers relied more strongly on sound level and spectrum than the listeners. Both performers and listeners relied a lot on articulation variability. Finally, the graphs for fear indicate that the listeners relied most strongly on sound level, whereas the performers relied most strongly on articulation. In sum, these results indicate that there were systematic differences between performers and listeners with regard to cue utilization. Table 4 presents the LME statistics for the regression models of the individual performers, which makes it possible to compare the performers' characteristics in the communication task. All performers were rather successful at communicating the emotions to listeners, as indicated by the large and significant achievement indices. Performer l's achievement ranged from .81 to .97 (M = .91). On average, then, approximately 83% of the variance in listeners' judgments of the emotional expression could be explained by Performer l's expressive intention. However, although Performer 1 was successful, his cue utilization still left room for improvement. Note that the achievement was about 30% lower for sadness than for anger (p < .01). This, in turn, can be explained by the significantly lower (p < .0001) matching for sadness than for anger.
Analysis of individual performers.
Performer 2 was nearly as successful as Performer 1 in communicating the emotions to listeners, and there were no significant differences in achievement, matching, or consistency between 
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• Performer 1 and Performer 2. In contrast, Performer 3 was less successful than the other two performers. Thus, for example, Performer 3's achievement for happiness and fear was significantly lower (p < .05) than Performer l's achievement for the same two emotions. Further, Performer 3's achievement for fear was significantly lower (p < .05) than Performer 2's achievement for the same emotion. These differences were accompanied by differences in matching: Performer 3's matching for fear and happiness was lower (p < .05) than Performer 2's matching for the same two emotions. Similarly, Performer 3's matching for happiness was lower (p < .05) than Performer 2's matching for the same emotion. In contrast, there were no significant differences in consistency between the performers. Together, these results suggest that Performer 3's lower achievement is explained by lower matching of cue utilization rather than lower consistency of cue utilization. Figure 4 shows the relative weights of all three performers on the basis of MRA of their cue utilization. As can be seen, there were considerable individual differences among the performers. For example, the graph for anger reveals that Performer 1 relied heavily on spectrum, whereas Performer 2 relied heavily on sound level. Still, the two performers were equally successful at communicating anger to listeners (see Table 4 ). This result shows that different performers may reach a similar level of achievement despite differences in their cue utilization. Table 5 presents the LME statistics for the regression models of the individual melodies. The communicative process was rather successful for all of the melodies, as indicated by the achievement indices, which range from .73 to .99. The differences in achievement among the three melodies were relatively small, suggesting that the reliability of the communication did not depend critically on the particular melody performed. The only significant differences in achievement oc- ;to. 1o 1 0, Tempo curred with regard to happiness and sadness. More specifically, achievement for happiness was significantly higher (p < .01) for "When the Saints" than for "Greensleeves," and achievement was accompanied by a higher (p < .001) matching for happiness for "When the Saints" than for "Greensleeves." Further, achievement for sadness was higher (p < .05) for "When the Saints" than for "Greensleeves." The difference in matching for sadness between the same melodies did not quite reach significance (p < .06), but the difference in unmodeled matching did (p < .001; remaining ps were not significant). Lower achievement for happiness and sadness in the case of "Greensleeves" may perhaps be explained by the minor mode of this melody. A large number of studies of emotional expression in musical compositions have shown that listeners associate the minor mode with sadness (for a review, see Gabrielsson & Juslin, in press ). Therefore, it is possible that listeners' ratings of happiness and sadness in performances of "Greensleeves" were confounded by the minor mode. Finally, it should be noted that performers' cue utilization was less consistent (p < .01) for happiness than for the other emotions, regardless of the melody. Figure 5 shows the relative weights of the three melodies on the basis of the regression models of individual melodies. Inspection of Figure 5 suggests that cue utilization was more consistent across different melodies than across different performers (cf. Figure 4) . I confhrned this impression by calculating the correlations among the patterns of beta weights from the models of the performers and the melodies, respectively. This calculation showed that the correlations were large among the different melodies: "When the Saints"/"Nobody Knows" (r = .79, p < .05); "When the Saints"/ "Greensleeves" (r = .81, p < .05); "Nobody Knows"/"Greensleeves" (r = .83, p < .05). The correlations were smaller among the different performers: Performer 1/Performer 2 (r = .31, ns), Performer 2/performer 3 (r = .30, ns); Performer 1/Performer 3 (r = .63, p < .05). However, although the cue utilization was less consistent across different performers than across different melodies, there were nonetheless some differences among the melodies. It may seem reasonable that some of these differences reflect structural characteristics of the melodies, which constrained the use of some cues in the performance. This theory could explain the differences between the melodies with regard to the relative weights for mean articulation and articulation variability. However, closer inspection of Figure 5 suggests that the largest differences among the three melodies occurred for sound level and spectrum, cues that are not directly tied to the structure of particular melodies.
Analysis of individual melodies.
Summary Analysis
One main finding from the regression models is that the achievement was generally high. Approximately 70% of the variance in listeners' judgments of emotional expressions could be explained by the performer's expressive intention. However, achievement tended to be higher for anger than for sadness, happiness, and fear. The consistency indices obtained are typical of those obtained in studies of cognitive judgment, that is, between .70 and .90 (Stewart, 1988) , which means that the linear component of the LME explained most of the cue utilization of both performers and listeners. About 70% of the variance was accounted for across the regression models, indicating that the models fitted the cue utilization rather well. It should be noted that more variance was accounted for with respect to anger, sadness, and fear than with respect to happiness. Part of the inconsistency associated with happiness is explained by large individual differences among the performers for this particular emotion. This result is brought home by the fact that the consistency indices for happiness were noticeably higher in the regression analyses of individual performers. However, this can only be part of the explanation because the consistency was still lower for happiness than for the other emotions (cf. Table 4) .
As already noted, the LME embodies the fact that achievement is dependent on both the degree of matching between performers' and listeners' cue utilization and the consistency of cue utilization of performers and listeners. It is clearly of interest, then, whether the variability in achievement observed here should be explained in terms of matching or consistency. There was a large (r = .76) and statistically significant (p < .0001) correlation between matching and achievement across all regression models. Similarly, there was a large (r = .77) and statistically significant (p < .0001) correlation between unmodeled matching and achievement. In contrast, there were no significant correlations between achievement and performer consistency (r = .05, ns) or between achievement and listener consistency (r = -.07, ns). In other words, matching explained about 60% of the variance in achievement, whereas consistency explained only 0.3% (Re) and 0.5% (R,), respectively. This result shows that what determined the achievement was mainly the extent to which performers' and listeners' cue utilization was matched.
The fact that roughly 70% of the variance in cue utilization was captured by the regression models means that roughly 30% of the variance was unexplained. The residual variance reflects both unsystematic and systematic variance not accounted for by the various regression models, including the effects of measurement error, order effects, memory intrusions, or configural effects in cue utilization. Figures 3-5 also show that a large part of the residual variance was due to inconsistency in cue utilization across performers and melodies.
However, inconsistency does not tell the whole story. The unmodeled matching (i.e., the shared residual variance of performers' and listeners' regression models) was high, suggesting that one or more unmodeled cues contributed to the residual variance of the regression models. This contribution was perhaps most important for happiness because the largest residual variance occurred for this emotion. Across all regression models, roughly 50% of the residual variance was shared among performers and listeners. However, given that about 70% of the variance in cue utilization was explained by the regression models, that part of the unmodeled component that was shared by performers and listeners constituted only 15% of the total variance.
Which cue had the highest ecological validity? Averaged across all regression models and correlations (1) sound level had the highest ecological validity, followed by (2) articulation, (3) spectntm, (4) articulation variability, and (5) tempo. Notably, a different ranking order applied to the functional validities: (1) sound level had the highest functional validity, followed by (2) tempo, (3) articulation, (4) articulation variability, and (5) spectrum. This result indicates that there were some systematic differences in the cue utilization among performers and listeners. Most notably, listeners attributed greater importance to tempo than performers, whereas performers attributed greater importance to articulation than listeners.
Discussion
The primary goal of this article was to describe how performers communicate emotions to listeners. A secondary goal was to illustrate how aspects of music performance and perception may be quantitatively related to each other so that relationships among performers' expressive intentions, acoustic cues in performances, and listeners' judgments of emotional expression can be described within a unified framework. The results reported here offer a number of important insights concerning the communicative process.
First, it is clear that the performers were highly successful at communicating emotions to listeners. Approximately 70% of the variance in listeners' judgments of emotional expression could be explained by the performer's expressive intention. This result highlights the powerful influence of the performance on the emotional expression of the music and supports anecdotal evidence about the expressive skills of music performers (e.g., Hudson, 1994) .
Second, different emotions were associated with different patterns of cues. Although the relationships were only probabilistic, the present results replicate previous studies by showing that--across different pieces of music--both performers and listeners tended to associate (a) anger with fast tempo, very high sound level, legato articulation, small articulation variability, and a lot of HF energy in the spectrum; (b) sadness with slow tempo, low sound level, legato articulation, small articulation variability, and little HF energy in the spectrum; (c) happiness with fast tempo, high sound level, staccato articulation, much articulation variability, and intermediate amount of HF energy in the spectrum; and (d) fear with slow tempo, very low sound level, staccato articulation, much articulation variability, and little HF energy in the spectrum (Gabrielsson & Juslin, 1996; Juslin, 1993) . Note that the relative importance of the cues varied depending on the emotion. Therefore, the variance explained by each cue across all emotions was modest.
Third, there were individual differences among the performers concerning their abilities to communicate particular emotions. Decomposition of the communicative process indicated that individual achievement depended mainly on the extent to which the performer's cue utilization matched the listeners' cue utilization. In contrast, there were no significant differences among the performers with regard to their consistency. On average, 70% of the variance in their cue utilization could be explained by regression models. The lack of differences in consistency may reflect the fact that only professional performers were included in the present study. A related study of amateur guitarists has suggested that their cue utilization is less consistent than that of professional guitarists (Juslin & Lankka, in press) . Taken together, these findings suggest that amateur performers vary among themselves with respect to both consistency and matching, whereas professional performers acquire such a high degree of control over their cue utilization that they vary among themselves only with regard to matching.
Fourth, the results showed that the communicative process was successful regardless of the particular melody performed. In fact, cue utilization was more consistent across different melodies than across different performers. Nonetheless, the results also suggested that certain aspects of the melodic structure might influence the reliability of the communicative process, either by confounding listeners' judgments or by constraining performers' uses of particular cues. An important problem for future research is therefore to explore how the performance interacts with local features of the melodic structure in determining the emotional expression.
Fifth, the results indicated that two performers could reach a similar level of achievement despite differences in their cue utilization. This finding is reminiscent of the paradox mentioned in the introduction, namely that the communicative process is successful despite variability in cue utilization across different performers or melodies. These seemingly contradictory results can be understood in terms of the lens model described earlier: High accuracy despite large variability in cue utilization can be explained by the fact that the communicative process relies on several probabilistic but partly interchangeable (i.e., redundant) cues that listeners combine in flexible ways to arrive at reliable judgments of the intended emotional expression. Because of the redundancy of the cues, there is no pressure toward uniformity in cue utilization; more than one cue utilization strategy may lead to the same level of achievement.
Finally, there were systematic differences between performers and listeners with regard to their cue utilization. Thus, for example, listeners attributed greater importance to tempo than performers did, whereas performers attributed greater importance to articulation than listeners did. The reasons for these differences are not known. However, it is possible that some of the differences reflect differences between performers and listeners with respect to their expertise. For example, more expertise is probably needed to appreciate differences in articulation than differences in tempo. The importance of tempo for listeners' judgments is consistent with the results from previous studies (e.g., Hevner, 1936; Juslin, 1997c; Scherer & Oshinsky, 1977) . The fact that tempo was not equally important as a predictor of performers' intentions could reflect the fact that the performers selected different tempi depending on the melody.
Limitations of the Findings
The present study is limited in several respects. First, only a small number of performers and melodies were included in the study. Obviously, further experiments should be conducted using different instruments, melodies, performers, and listeners. Only then can the generalizability of the present findings be evaluated. One complicating factor in this study was that the structures of the melodies themselves carded particular emotional expressions, which presumably made it more or less difficult to communicate other emotions. Furthermore, all of the melodies were well known, with lyrics that refer to birth, death, or being saved, which are emotionally charged topics. It is possible that the performers and the listeners were influenced by the emotional connotations of the remembered lyrics and that the communicative process would be more reliable for less well known or less emotionally charged pieces. Also, by not analyzing structural variables, this study left out effects on listeners' judgments associated with the melodic structure. It is conceivable that some of the inconsistency in cue utilization across different melodies reflected structural constraints of the melodies. Future studies should focus on the complex interaction between the emotional expression of the melody and the emotional expression of the performance (Lindstr0m, 2000) . One way of doing this could be to expand the lens model so as to also include acoustic cues associated with the structure of particular pieces, such as rhythm, mode, melodic contour, and tonal progression (Juslin, in press-b) .
Another limitation of this study is that it included only summary measures of cues. From an intuitive point of view, it would seem that much of the expressiveness in performances lies in continuously changing patterns of tempo and dynamics. The uumodeled matching of the cue utilization of performers and listeners in this study suggests that there are yet unidentified cues involved in this communicative process, even if their contribution would appear to be small. It is quite possible that part of this variance reflects the use of continuously changing patterns of tempo and dynamics across the performance. A recent study has indicated that timing patterns can convey emotional information to listeners (Juslin & Madison, 1999) . The characteristics of the patterns are still unknown, which explains why timing patterns were not considered in this study. However, if we were to include timing patterns in future analyses, we would expect the unmodeled matching between performers and listeners to decrease.
In this study, performers were highly successful at communicating specific emotions to listeners. However, given that the present task (i.e., to perform the same piece of music with several different expressions) is somewhat artificial, an important question is whether similar effects would be obtained under natural circumstances, such as a concert. Only a few studies have studied emotional expression in natural music performances. However, ways of getting closer to ecologically valid settings may be to analyze existing recordings of performances or to observe performers, from the preparation of a piece to the actual performance in a concert. Siegwart and Scherer (1995) studied emotional expression in opera singing by analyzing existing recordings by well-known artists. They found that (a) different interpretations elicited different listener ratings of emotional expressiveness, (b) voice samples differed substantially with respect to acoustic cues, and (c) listeners' judgments could be successfully predicted on the basis of the acoustic cues. These are important findings, indeed, because they suggest that the results reported in the present study are not confined to the laboratory.
Main Factors Influencing Cue Utilization
What are the main factors influencing cue utilization? More specifically, what is the origin of the nonverbal code used by performers to communicate emotions to listeners? Juslin (1998, in press-b) has suggested that the code largely reflects two factors. The first factor influencing communication of emotion in music performance is brain programs for vocal expression of emotions. Studies of monkeys and humans with brain lesions have uncovered the neurological substrates underlying spontaneous vocalizations. These studies have yielded evidence of brain programs that function to initiate and organize "prewired" vocal expressions (JiJrgens &von Cramon, 1982; Ploog, 1986) . Thus, it can be hypothesized that music performers communicate emotions to listeners by using the same acoustic code as is used in vocal expression. The idea that there is an intimate relationship between music and the human voice has a long history (Rousseau, 1761 (Rousseau, /1993 von Helmholtz, 1863 von Helmholtz, /1954 . However, it is only recently that empirical evidence supporting this idea has surfaced. A systematic review of the cue utilization in vocal expression and music performance has revealed a large number of similarities between the two modalities (Juslin, 1999) .
The second factor governing emotional expression in performance is social learning or specific memories. This is a lifelong process that begins with the interaction between mother and infant (e.g., Papousek, 1996) and continues throughout life, with accumulated experience. Performers learn links between acoustic cues and extramusical aspects (e.g., body language, motion) through analogies. This fact implies that extramusicai life experiences are of importance to learning expressivity in performance (cf. Woody, in press). Because different performers will tend to have different life experiences, this factor explains why there are individual differences in cue utilization among performers.
Possible Applications for Music Education
The type of knowledge gained from the lens model paradigm might lead to a number of important applications. Thus, for example, computer algorithms that can encode and decode emotions could play an important role in modem information technology, as envisaged in the area of affective computing: computing that relates to, arises from, or deliberately influences emotions (Juslin, 1996; Heard, 1997) .
One application of the lens model paradigm that could be particularly important for the music domain concerns the training of music performers' expressive skills in music education. A large number of studies have suggested that expressive aspects of music performance are neglected in music education (e.g., Persson et al., 1996; Tait, 1992) . One reason for this may be that communication of emotion involves implicit knowledge that is difficult to convey from teacher to student. The lens model may be useful in this context because it makes it possible to directly compare performers' cue utilization with listeners' cue utilization. This is a necessary requirement if one wants to improve the communicative process.
One potentially useful method for improving emotional communication on the basis of the lens model paradigm is so-called cognitive feedback (CFB). Originally developed in studies of cognitive judgment (Hammond & Boyle, 1971) , CFB means that we should give performers a chance to compare their own cue utilization to an optimal model for emotional communication on the basis of listeners' cue utilization. This process would involve the same procedures that were used in the present study (i.e., acoustic analyses, listening tests, regression modeling, lens modeling), with the addition that the performers also receive feedback regarding how their cue utilization compares to listeners' cue utilization. For example, a performer might discover that he or she uses legato articulation to express happiness, whereas listeners associate staccato articulation with happiness. The performer could then be instructed to change his or her cue utilization to increase its similarity with listeners' cue utilization (Juslin & Persson, in press) .
A preliminary test of the CFB method was conducted by Juslin and Laukka (in press). The results showed that CFB yielded a 50% increase in communication accuracy after only a single feedback session. Therefore, an important goal for future research could be to develop user-friendly computer applications that provide aspiring performers with feedback to improve their expressive skills. Applications of computer feedback for performers have been around for some time, concerning, for instance, piano technique (e.g., Tucker et al., 1977) , conducting (Schwaegler, 1984) , and pitch in singing (e.g., Wilson, 1982) . However, none of these earlier applications has concerned expressive aspects of performance. CFB programs would require (a) algorithms for automatic analysis of acoustic characteristics of performances and (b) algorithms that simulate judgments of the relevant listener populations. The lens model advocated in this article provides the kind of detailed knowledge about the communicative process that is required to create such algorithms.
Concluding Remarks
Viewing communication of emotion in music performance through a Brunswikian lens has a number of important implications. First, previous studies have tended to focus on either expression or recognition of emotion. However, Brunswik's lens model provides the tool for an ultimately more interesting enterprise--how to relate expression to recognition. Each of these aspects can only be fully understood in relation to the other, and knowledge about the probabilistic relationships between performers and listeners is crucial if one wants to improve the communicative process. Second, future studies should consider a whole range of cues in order to deal with the complete code used and thereby permit both performers and listeners to demonstrate their flexibility in cue utilization. This study may uncover a communicative process that is not perfect but probabilistic, not rich but robust. Hopefully, the ideas presented in this article will stimulate further research on emotional communication in music performance. This issue is without doubt of fundamental importance to the understanding of musical behavior.
